The range of applicability of the Full Event Calculus is proven to be the Ksp-IA class in the Features and Fluents taxonomy. The proof is given with respect to the original definition of this preference logic, where no adjustments of the language or reasoning method were necessary. The result implies that the claims on the expressiveness and problem-solving power of this logic were indeed correct.
Introduction
We consider two well established approaches to Nonmonotonic temporal Reasoning about Actions and Change: the Event Calculus approach by Shanahan [15] and the Features and Fluents approach by Sandewall [ 13, 141. It turns out that, although the design of suitable preference logics is a common task to both approaches, Sandewall's approach emphasises the systematic classification of these logics, via formally proven assessments of their range of applicability, while Shanahan's approach does not use any similar methodology. The aim of this paper is to extend the benefit of Sandewall's systematic methodology to Shanahan's approach. As a case study, we show that the most useful among all definitions of the Event Calculus, the Full Event Calculus (FEC), is a preference logic to which Sandewall's systematic methodology applies. Shanahan originally proposed FEC as suitable, i.e. adequate in expressiveness and problem-solving power, for correctly solving a number of NRAC reasoning problems with the following characteristics, The information about actions is accurately and completely specified, actions succeed only if their preconditions are satisfied, successful actions may have a nondeterministic effect, state variables are truth-valued, the iniimplements temporal inertia. In this paper, the range of applicability of FEC is proven to be the Ksp-IA class in the Features and Fluents taxonomy. The proof is given with respect to the original definition of this preference logic, where no adjustments of the language or reasoning method were necessary. As Ksp-IA formally captures all of the above characteristics, this assessment result implies that the claims on the expressiveness and problem-solving power of FEC were indeed correct.
The general meaning of this assessment result is that the assessed logic is guaranteed, or certiJied to be correctly applicable to all reasoning problems in the class, i.e. the logic always gives the correct, intended set of conclusions when applied to any reasoning problem in that class. As the Full Event Calculus is the first of a family of other similar definitions, also involving important implementation issues, this assessment result discloses knowledge on how to certify the expressiveness and problem-solving power of these logics. Assuming the given implementation is correct, the final user would then be guaranteed on its fitness for a particular purpose l, unlike all other products of similar nature.
Finally, a word on the Frame Problem. Ksp-IA admits an important sub-class, Ksp-IAd, obtained by restricting Ksp-IA to the case of purely deterministic actions. In 1986 [4, 51 Hanks and McDermott pointed out that none of the reasoning methods developed so far, including predicate circumscription, were correctly addressing the Frame Problem. They used the Yale Shooting Roblem as a diagnostic example. In 1994 [13, page 1681 Sandewall classified this problem, for which the Ksp-IAd class resulted to be the smallest class including a correct solution for it. As FEC is correctly applicable to Ksp-IA, and Ksp-IAd C Ksp-IA, then FEC implements a provably correct solution to the Hanks-McDermott problem.
tial state of the world is accurately and completely specified, and there is no information at any later state than the initial one. The time structure consists in the set of natural 
Preliminaries
We assume the reader familiar with the Features and Fluents systematic methodology. Readers with no preliminary knowledge in the topic are invited to consult [l, 14, 131 . Any concept not explicitly defined in this paper refers to [ 11.
The research task in this paper is precisely described as follows, with some preliminaries. As Shanahan's Full Event Calculus is a preference logic, the research task in this paper then consists in formally assessing its range of applicability. However, it is required by definition 2.2 that < and C use the same language for T.
As meeting this requirement is not possible in the present 2Please note that C and C are defined in terms of Y', hence they speak the same language.
case, we extend the notion of correctness by redefining it in terms of an immersion operator. We then say that "C is correct for T" iff <( [[T(T)]) = C (T), where T is written in the underlying language and T(T) is the translation of T in the language of C <. If T is the identity operator, then T(T) e T and the previous definition of correctness applies. The following is the underlying language for T. The underlying language is very expressive. The assessment will reveal how much of that expressivity the specific logic is capable of using.
Definition

Classification
The following definition first appeared in [ 
C I R C [ S z ; Happens] A S, where C I R C is the circumscription of the given predicates, and CY is either a positive or negative HoldsAt formula. The minimisation of Happens corresponds to the default assumption that there are no unexpected event occurrences. The minimisation of Initiates, Terminates and Releases corresponds to the default assumption that actions have no unexpected ef fects.
As the essence of the Frame Problem is how do we use logic to represent the effects of actions without having to explicitly represent all their non-effects, the above method is a solution to the Frame Problem.
The conceptual basis of the above model-preference criterion is the partitioning of the set of premises and the application of different selection functions to the classical model set of the resulting and distinct sets of premises. The set of selected models is then chosen by filter preferential entailment, using predicate circumscription as selection function. The filtering technique was first described by Sande We shall now proceed to the assessment of the range of applicability of this logic. Are the underlying semantics and the logic's semantics equivalent? Is the intended model set for T equal to the set of
logical consequences E C ( T ( T ) ) ?
Let the relation (t, f, w) E C (T) be a shorthand for "exists an interpretation ( M , H ) such that (a, M , H , P, C ) E H ( t , f ) = U", according to the known definition of intended model set. Let the relation ( t , f, true) E 
M o d ( T ) and
E C ( T ( T ) ) be a shorthand for A A I? k HoldsAt(f, t ) , and the relation (t, f , f a l s e ) E E C ( T ( T ) )
This results either in HoldsAt(f, t ) E E C ( T ( T ) ) by axiom A l , or in Y H o l d s A t ( f , t ) E E C ( T ( T ) ) by axiom A4.
The world player persists until the ego player communicates its intention to perform an action, so that no tuples occur in S C D which starting time is the present time T . This trivially results in temporal inertia, by either axiom A 1 or A4 depending on how f was initialised, or by axiom A2 or A5 depending on how was it last modified.
The ego player, suddenly, adds the tuple (r, E ) to the current-action set C, where T is the point in time where this update occurs. Then the world player executes the action and terminates it at T' by removing the tuple (7, E ) from C and adding the tuple (7, T ' , E ) to the past-action set P. The ego may also decide to terminate E earlier, let say at 7'' E (7, T ' ) , so that it may autonomously remove the tuple (.,E) from C and add (T, T " , E ) to P. Let show what are the corresponding logical consequences of EC, pointwise. By definition 4.1, we know it exists a single formula Happens(E, r, 7') (or Huppens(E, T , 7")) to refer to. zf the feature f does not belong to the set of those features which would be modified by a successful1 execution of E (i.e. f $ ! I n f l ( E , at)), -the feature is neither Clapped nor Declipped, and the situation described at point 2 then occurs up to 7' (or 7"). Oth- and CZipped(r,f,T'), so that it is neither HoldsAt(f, t ) E E C ( T ( T ) ) by axiom A2, nor is -HoldsAt(f,t) E E C ( T ( T ) ) by axiom A5, i.e. inertia is not assumed after 7' (nondeterminism).
l H o l d s A t ( f , t ) E EC(T(T)) by ax-
~H o l d s A t ( f , t ) E E C ( T ( T ) ) by ax-
The case for 7'' in place of r' is identical.
(b)~ If there is at least one precondition which is not met, then the action is executed without any effect, and the situation described at point 2 occurs up to T' (or r"). 4 . The ego-world game ranges to infinity, where the intended-model set is defined. Due to the choice of assumptions, the situations described at point 2 and 3 repeat themselves to the infinity, for both semantics, the semantics mirroring the underlying semantics. 
'
The use of this preference logic for solving the HanksMcDermott [4, 5] problem and the Russian Shooting Problem is explained in [16, 151 . Theorem 4.1 gives a more general insight into how this is done, and guarantees that the reasoning method indeed gives the correct answers for these specific reasoning problems, as welj as for all other problems in the Ksp-IA class.
Conclusion
In this paper, the range of applicability of Shanahan's Circumscriptive Full Event Calculus is proven to be the Ksp-IA class in the Features and Fluents taxonomy. The assessment is proven by referring to the original definition of this preference logic, where no adjustments of the language or reasoning method were necessary. The result implies that the claims on the expressiveness and problemsolving power of this logic were indeed correct.
The Ksp-IA class is that subclass of K-IA where accurate and complete information about actions (IC), complete knowledge about the initial state of the world (s) and no information at any later state than the initial one (p), together with strict inertia in integer time (I) of possibly non-deterministic actions (A), are the assumed characteristics. Time-points are natural numbers, and features are truth-valued (I). The extension of the Full Event Calculus so to encompass the full IC-IA class, which is the broadest class defined in [13] , involves allowing backward (abductive) reasoning. This extension is already available, it is called Abductive Event Calculus [17] [15, chapter 171, and its range of applicability is currently being investigated. 
